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TITLE OF THE INVENTION 

A ROBOT SYSTEM 
CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the benefit of Korean Patent Application No. 2003-53667, filed 
August 4, 2003, in the Korean Intellectual Property Office, the disclosure of which is 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0002] The present invention relates to a robot system, more particularly, to a robot system to 
identify a location of a mobile robot by receiving light including phase information from beacons. 

2. Description of the Related Art 

[0003] As robots are getting more widely used in various fields of industries, various robots 
that perform different functions are being developed, for example, a robot to manage household 
duties, etc. In the past, robots were confined to a space, and performed an assigned task. 
However, today, robots can automatically move and operate beyond a predetermined orbit. 

[0004] In order to move a mobile robot to a target location, various techniques have been 
proposed, such as, detecting a guide line or providing a device on a moving path, etc. 

[0005] FIG. 1 schematically illustrates a conventional robot system in which a mobile robot 
determines the robot's location through the use of beacons. 

[0006] As shown in FIG. 1 , the conventional robot system comprises beacons 100, and a 
mobile robot 110. 

[0007] The beacon 100 includes a plurality of transmitters 101 placed at predetermined 
positions emitting light such as an infrared ray, an electromagnetic wave, or the like, which 
travels in a straight line. 
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[0008] Because the light emitted from the transmitters 101 travels in a straight line, the light 
reaches the mobile robot 110 when the mobile robot 110 is located within a predetermined area 
aligned with the transmitters 101. Further, each transmitter 101 emits light different from the 
light emitted by the other transmitters in inherent information. 

[0009] The mobile robot 110 includes a plurality of receivers 111 , and a controller (not 
shown). 

[0010] The receiver 111 receives the light emitted from the transmitter 101 of the beacon 100, 
and outputs information based on intensity of the received light to the controller. 

[0011] The controller determines the position of the beacon 100 based on intensity 
information outputted by the receiver 111, and determines a location of the mobile robot 110 
relative to the position of the beacon 100. 

[0012] A method of identifying the location of the mobile robot 110 according to the 
conventional robot system will be further described in the following paragraphs. 

[0013] While moving, the mobile robot 110 continuously receives the light emitted from the 
transmitter 1 01 of the beacon 1 00 through the plurality of receivers 111. Accordingly, the 
farther the light emitted from the transmitter 101 travels in a straight line, the more the light 
becomes diffused. Therefore, the light received by the receiver 111 has maximum intensity 
when the receiver 111 and the transmitter 101 are aligned. 

[0014] The receiver 111 outputs information based on the intensity of the received light to the 
controller, and the controller determines the relative position of the beacon 100 based on the 
intensity information outputted by the receiver 111. 

[0015] Light received by the receivers 111 does not have an interference because the light 
travels in a straight line, and includes the inherent information of the respective transmitter 101 
provided to the beacon 100, thus, allowing the controller to calculate the location of the mobile 
robot 110 relative to the position of the beacon 100. 

[0016] However, the conventional robot system, using the beacon 100, makes use of an 
analog signal that is highly affected by properties of the transmitter and the receiver, making it 
difficult to precisely determine the intensity of the light. Further, a wave traveling in space has 



2 



Docket No.: 1572.1263 



decreased energy inversely proportional to the cubed distance of the wave from the transmitter; 
therefore, the movable area of the mobile robot 110 is limited to the surrounding area of the 
beacon 100. 

[0017] Further, a conventional robot system has been provided according to which the 
location of a mobile robot is determined by an image processing operation using a camera, etc. 
However, this operation has a relatively high cost, and is sensitive to illumination. 

SUMMARY OF THE INVENTION 

[0018] Accordingly, it is an aspect of the present invention to provide a robot system, which 
can precisely determine a location of a mobile robot regardless of external environmental 
conditions, and that reduces cost of the robot system by using fewer transmitters. 

[0019] The foregoing and/or other aspects of the present invention are achieved by providing a 
robot system comprising: a beacon provided with a transmitting part to transmit light to 
determine a location, and a mobile robot provided with a receiving part to receive the light. The 
robot system further comprises a rotation driving part to rotate the transmitting part about a 
predetermined axis; an encoder to add phase information regarding rotation of the transmitting 
part by the rotation driving part with respect to a reference direction to the light; and a location 
determiner to determine a location of the mobile robot based on the phase information of the 
light received by the receiving part. 

[0020] Additional aspects and advantages of the invention will be set forth in part in the 
description which follows and, in part, will be obvious from the description, or may be learned by 
practice of the invention. 

[0021] According to another aspect of the invention, the transmitting part includes at least 
one transmitter, and the transmitter is rotated by the rotation driving part about the 
predetermined axis. 

[0022] According to yet another aspect of the invention, the transmitting part includes a 
mirror supported by the beacon disposed at an incline with respect to a horizontal direction, and 
a transmitter to emit the light at a predetermined incident angle, where the rotation driving part 
rotates the mirror about the axis, and the encoder adds the phase information regarding rotation 
of the mirror by the rotation driving part with respect to a reference direction to the light. 



3 



Docket No.: 1572.1263 



[0023] According to an aspect of the invention, the transmitting part includes two transmitters 
to emit light towards double sides of the mirror. 

[0024] According to another aspect of the invention, the receiving part includes a receiver to 
receive the light transmitted from the transmitting part. 

[0025] According to a further aspect of the invention, the receiving part includes a conical 
mirror reflecting light from various directions towards one direction, and a receiver to receive the 
light reflected from the conical mirror. 

[0026] According to an additional aspect of the invention, the beacon has inherent beacon 
information, and the encoder adds the beacon information and the phase information to the 
light. 

[0027] According to an aspect of the invention, the location determiner determines the 
location of the mobile robot based on the displacement of the mobile robot, and the phase 
information received by the receiving part. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] These and/or other aspects and advantages of the invention will become apparent, 
and more readily appreciated from the following description of the embodiments, taken in 
conjunction with the accompany drawings of which: 

FIG. 1 schematically illustrates a conventional robot system according to which the 
location of a mobile robot is determined through the use of a beacon; 

FIG. 2 is a block diagram of a robot system according to an aspect of the present 
invention; 

FIGS. 3A, 4A and 5A are perspective views of a transmitter mounted to the beacon 
according to an aspect of the present invention; 

FIGS. 3B, 4B and 5B illustrate that the transmitter rotates at phase angles within an 
allowable rotation angle in when the transmitter is mounted to the beacon according to an 
aspect of the invention; 

FIG. 6 is a perspective view of the beacon that uses a single sided mirror according to 
an aspect of the present invention; 
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FIG. 7 is a perspective view of the beacon that uses a double sided mirror according to 
an aspect of the present invention; 

FIG. 8 is a perspective view of a mobile robot having a receiving part according to an 
aspect of the present invention; 

FIG. 9A is a perspective view of the mobile robot comprising a receiver including a 
conical mirror according to an aspect of the present invention; 

FIGS. 9B is an enlarged perspective view of the receiver having the conical mirror 
mounted to the mobile robot; 

FIG. 10 illustrates a plurality of beacons in a situation where a moving path of the mobile 
robot includes a dead angle according to an aspect of the present invention; and 

FIG. 11 schematically illustrates an operation to calculate the location of the mobile robot 
relative to the beacon based on the phase information according to an aspect of the present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

i 

[0029] Reference will now be made in detail to the embodiments of the present invention, 
examples of which are illustrated in the accompanying drawings, wherein like reference 
numerals refer to the like elements throughout. 

[0030] FIG. 2 is a block diagram of a robot system according to an aspect of the present 
invention. As shown in FIG. 2, a robot system comprises a transmitting part 10, a receiving part 
20, a rotation driving part 30, an encoder 40, and a location determiner 50. 

[0031] The transmitting part 10 is provided to a beacon, and comprises at least one 
transmitter to emit light used to determine a location of a mobile robot. Here, an infrared ray, 
an electromagnetic wave, or the like, which travels in a straight line, can be employed as the 
light emitted via the transmitter. Further, the light may include various information by phase-shift 
keying, frequency-shift keying, etc. 

[0032] The receiving part 20 comprises at least one receiver to receive the light emitted from 
the transmitting part 10. The receiver has directivity to receive the light emitted from the 
transmitter traveling in a straight line, thus, the other receivers cannot receive light with the 
same phase information. 
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[0033] The rotation driving part 30 comprises a motor and a shaft, and rotates the 
transmitting part 10 about a predetermined axis as the origin. If the transmitting part 10 
comprises a plurality of transmitters, the origin is centrally disposed among the transmitters. 
Further, to detect all prospective locations of the mobile robot at directive angles of the 
transmitters, the rotation driving part 30 rotates the transmitters within a predetermined angle. 
The rotation driving part 30 has a reference direction, and outputs information on a phase shift 
of the transmitting part 10 relative to the reference direction in accordance with the rotation of 
the rotation driving part 30 to the encoder 40. 

[0034] The encoder 40 encodes or modulates to add the phase information output from the 
rotation driving part 30 to the light. Here, the encoding or the modulating is performed by FSK 
(Frequency Shift Keying), PSK (Phase Shift Keying), PWM (Pulse With Modulation), etc. 
according to characteristics of the light. In a case where a plurality of beacons are provided, 
inherent beacon information is needed to distinguish among the beacons, so that the encoder 
40 encodes or modulates the beacon information with the phase information to the light. 

[0035] The location determiner 50 selects the phase information included in the light that is 
received by the receiver 20, and calculates the location of the mobile robot relative to the 
beacon based on the phase information. At least three phase information is needed to 
determine the location of the mobile robot. Therefore, at least three receivers are needed to 
receive the three phase information, to be used in determining the relative location of the mobile 
robot at a predetermined time. If the receivers are less than three or the phase information 
received by the receivers is less than three, the location of the mobile robot relative to the 
beacon can be calculated based on the displacement of the mobile robot and the phase 
information in a different angle of view. 

[0036] The transmitters of the transmitting part 10 are rotated by the rotation driving part 30 
at a predetermined angular frequency. The rotation driving part 30 outputs the phase 
information of the transmitter rotated relative to the reference direction to the encoder 40, and 
then the encoder 40 adds the phase information to the light emitted from the transmitters. The 
light emitted from the transmitter is received by the receiving part 20 of the mobile robot. The 
received light is outputted to the location determiner 50 after being decoded. Then, the location 
determiner 50 determines the relative location between the mobile robot and the beacon 1 
based on the phase information. 
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[0037] The transmitting part 10 can be variously implemented according to the shapes and 
the number of transmitters, and the rotation driving part 30 can also be differently operated in 
accordance with the transmitters. 

[0038] FIGS. 3A, 4A and 5A are perspective views of a transmitter mounted to the beacon 
according to various aspects of the present invention. 

[0039] As shown in FIGS. 3A, 4A and 5A, the beacon 1 comprises: e a transmitter 11, a 
shaft 31, and a motor 33. The transmitter 11 is mounted to a supporter 12, and the shaft 31 
connects the supporter 12 to the motor 33 to transmit the rotation from the motor 33 to the 
supporter 12 and the transmitter 11. 

[0040] As shown in FIG. 3A, the motor 33 can rotate at an angle within 360 degrees, 
thereby, allowing the transmitter 11 of the beacon 1 to transmit light in directions within 360 
degrees. Accordingly, information of phase angles resulting from rotation of the motor 33 over a 
period of time is outputted to the encoder 40 through the transmitter 1 1 . 

[0041] As shown in FIG. 4A, the motor 33 can alternately rotate at an angle within 180 
degrees, thereby, allowing two transmitters 11 of the beacon 1 to transmit light in a direction 
within 360 degrees. 

[0042] As shown in FIG. 5A, three transmitters 11 are mounted on the supporter 12 spaced 
from each other at an angle of 60 degrees. Accordingly, the motor 33 can alternately rotate at 
an angle within 60 degrees, thereby, allowing three transmitters 11 of the beacon 1 to transmit 
light in a direction within 180 degrees concurrently. If there is no need to allow the light to be 
outputted from the beacon 1 in all directions of 360 degrees, that is, if there is a dead angle due 
to the position of the beacon 1 , or a moving radius of the mobile robot is limited, or there is no 
need to transmit the light in all directions, a user can optionally set up the mounting angles of 
the transmitters 11 and the allowable rotation angle of the motor 33. 

[0043] As shown in FIGS. 3B, 4B and 5B, each transmitter 11 rotates at the phase angles 
within the allowable rotation angle depicted in FIGS. 3A, 4A and 5A, respectively. 

[0044] When the motor 33 rotates, the transmitter 11 is rotated with a predetermined angular 
frequency, and changes to the phase angles occurs with respect to the reference direction over 
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a period of time. Therefore, while rotating, the transmitter 11 outputs the light including the 
phase information corresponding to the rotation direction. 

[0045] FIG. 5, suppose that the phase information is added to the light whenever the phase 
angle is changed by 1 degree, the respective transmitters 11 transmit the triple lights sixty times. 

[0046] In comparison to the two transmitters 11 in FIG. 4A, the light transmitted from the 
three transmitters 11 in FIG. 5 reaches a predetermined position in a space with more 
frequency. Therefore, as the number of the transmitters 11 is increased, a resolving power is 
enhanced to determine the location of the mobile robot, however, cost also increases. 

[0047] FIG. 6A is a perspective view of a beacon using a single sided mirror according to an 
aspect of the present invention. 

[0048] The beacon 1 comprises a single sided mirror 13, a transmitter 11 , a shaft 31 , and a 
motor 33. The single sided mirror 13 is connected to the shaft 31 , and reflects an incident light 
from the transmitter 11 at a predetermined angle. 

[0049] The transmitter 11 is disposed facing an upper or bottom surface of the single sided 
mirror 13, and transmits the light to a reflecting surface of the single sided mirror 13 to 
determine the location of the mobile robot. 

[0050] The shaft 31 is connected to the single sided mirror 13, and transmits the rotation 
from the motor 33 to the single sided mirror 13, so that the motor 33 can rotate the single sided 
mirror 13 is rotated via the motor 33 with a predetermined angular velocity. Accordingly, if the 
motor 33 rotates at an angle within 360 degrees, the light can be transmitted to all directions. 

[0051] That is, the light can be transmitted in all directions, when the light is reflected from 
the single sided mirror 13 that is rotated by the motor 33 at an angle within 360 degrees. 
Therefore, there is no need to alternately rotate the motor 33, therefore, the motor 33 can rotate 
more rapidly. However, if one transmitter 11 is connected to the shaft 31 and the motor 33 
rotates at an angle within 360 degrees, it becomes difficult to rotate at an angle within 360 
degrees because a cable or the like connected to the transmitter 11 gets twisted. 

[0052] FIG. 7A is a perspective view of the beacon using a double sided mirror according to 
an another aspect of the present invention. 
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[0053] The beacon 1 comprises: a double sided mirror 15, transmitters 11, the shaft (not 
shown), and the motor (not shown). 

[0054] The transmitters 11 are provided in upper and lower parts of the beacon 1 , and emit 
the light towards the double sides of the double sided mirror 1 5 at a respective predetermined 
angle. The double sided mirror 15 is disposed at an incline with respect to a horizontal 
direction, and horizontally reflects the incident light from the transmitter 11. 

[0055] The shaft is connected to the double sided mirror 15, and transmits the rotation from 
the motor to the double sided mirror 15, so that the double sided mirror 15 is rotated via the 
motor 33 at a predetermined angular velocity. Accordingly, if the motor 33 rotates at an angle 
within 180 degrees, the light can be transmitted to all directions. 

[0056] FIG. 8 is a perspective view of a mobile robot having a receiving part according to 
another aspect of the present invention. 

[0057] As shown in FIG. 8, the mobile robot 60 comprises wheels 61 used to move the 
mobile robot, and the receiver 21 . 

[0058] The receiver 21 has directivity to receive the light emitted from the transmitter 11 of 
the beacon 1 traveling in a straight line, so that the different receivers 21 cannot receive the 
lights with the same phase information. Therefore, as the number of the receivers 21 of the 
mobile robot 60 is increased, the more the resolving power is enhanced in determining the 
location of the mobile robot 60 because the receivers 21 receive the concurrently emitted light 
from the beacons 1 provided in various directions. 

[0059] FIG. 9A is a perspective view of a mobile robot comprising a receiver 21 having a 
conical mirror 23 according to an aspect of the present invention, and FIG. 9B is an enlarged 
perspective view of the receiver 21 having the conical mirror 23 mounted to the mobile robot. 

[0060] A conical mirror 23 concentrates the lights horizontally transmitted from the outside 
into a tip thereof, and then transmits the concentrated light to the location determiner 50 through 
a receiver 21. The conical mirror 23 should have enough curvature to concentrate the incident 
light horizontally transmitted in different heights to one point, that is, the tip. 
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[0061] Thus, the problem of receiver 20 due to the directivity of the receiver 21 is solved as 
the receiver 20 can receive the phase information by receiving the light regardless of the 
location of the mobile robot 60. 

[0062] FIG. 10 illustrates a plurality of beacons where a moving path of the mobile robot 
includes a dead angle according to another aspect of the present invention. 

[0063] As shown in FIG. 10, in situations where a movable space of the mobile robot 60 is 
divided into several parts, light is not always readily transmitted from the beacon 1 to the mobile 
robot 60. 

[0064] Accordingly, in order to determine the location of the mobile robot 60 regardless of 
the location of the mobile robot 60, a plurality of beacons 1a, 1b and 1c are needed. I 
Accordingly, a first, second, and third beacon, 1a, 1b and 1c, are employed to emit light in 
rooms "A", "B" and "C", respectively. 

[0065] Each beacon, 1a, 1b, or 1c has inherent beacon information different from the rest. 
Further, the encoder 40 (not shown) provided in each beacon 1a, 1b or 1c adds the beacon 
information to the light. Further, allowable location of the mobile robot 60 relative to each 
beacon 1a, 1 b and 1c is limited, so that the motor 33 of the rotation driving part 30 for each 
beacon 1a, 1b or 1c preferably rotates within a limited angle. 

[0066] Depending on the location, the mobile robot 60 not only determines the phase 
information but also what beacon (1a, 1b, or 1c) transmits it, thereby, determining its location 
relative to beacons 1a, 1b or 1c that transmit the phase information. 

[0067] FIG. 11 schematically illustrates an operation to calculate the location of the mobile 
robot relative to the beacon based on the phase information according to an aspect of the 
present invention. 

[0068] For example, if a mobile robot 60 with three receiving parts 21 stops moving, three 
receiving parts21a, 21b, and 21c, as shown in FIG. 11, receive the light from a transmitter 10 of 
the beacon 1, leaving a time lag. 

[0069] Let a circle connecting a first receiver 21 a, a second receiver 21 b, and the 
transmitting part 10 of the beacon 1 has a radius "R A " be "A", and let a circle connecting the 
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second receiver 21b, a third receiver 21c, and the transmitting part 10 of the beacon 1 has a 
radius "R B " be "B". Further, let the phase information received by the first receiver 21a from the 
transmitting part 10 of the beacon 1 be "8i", let the phase information received by the second 
receiver 21b be "6 2 ", and let the phase information received by the third receiver 21c be "6 3 '\ In 
this case, a central angle "8 A " between the first and second receivers 21a and 21b with respect 
to a center of the circle, "A", and a central angle "8 B " between the second and third receivers 
21b and 21c with respect to a center of the circle "B" are calculated as follows. 

e A = 2(82-81), e B =2(e 3 -e 2 ) 

[0070] Thus, the central angles "6 A M and "0 B " are calculated based on the phase information 
"8/', "8 2 " and "8 3 " received by the receiving part 20 of the mobile robot 60, and the intersection 
points of the two circles are thereby calculated to determine the position of the beacon 1 relative 
to the mobile robot 60. Therefore, the location of the mobile robot 60 relative to the beacon 1 
can be inversely calculated. 

[0071] If the phase information received through the receiving part 20 is more than three, the 
location of the mobile robot 60 can be more precisely calculated through an average value. In 
contrast, if the phase information received through the receiving part 20 is less than three, the 
location of the mobile robot 60 can be calculated by considering the phase information 
according to the displacement of the mobile robot 60. Besides the foregoing aspects, various 
methods using the phase information can be used to determine the location. 

[0072] As described above, the present invention provides a robot system which can 
precisely determine a location of a mobile robot regardless of external environmental conditions, 
distance, and reduces cost by using few transmitters. 

[0073] Although a few embodiments of the present invention have been shown and 
described, it would be appreciated by those skilled in the art that changes may be made in this 
embodiment without departing from the principles and spirit of the invention, the scope of which 
is defined in the claims and their equivalents. 
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